Sixty lipophilic diphtheroids (LD) isolated from human skin were characterized by a variety of morphological, biochemical, physiological and nutritional tests. The LD strains were tentatively placed into six fermentative groups and one non-fermentative group. Most LD strains required amino nitrogen, others required vitamins plus amino acids for growth. Nine LD isolates initiated growth with ammonia as a sole nitrogen source. Urea and nitrate were not utilized. A total of 149 cutaneous bacteria were compared for esterase and lipase action. Esterase activity was common but few LD strains appear capable of obtaining their required lipids by their own lipase action. The grouping scheme derived from studies with the 60 LD strains was tested as a screening procedure to recognize and categorize other LD strains. A second series of 115 cultures from seven cutaneous sites were isolated. Six of the original seven groups were identified and one additional subgroup was formed. The screening method was partially effective as a means of studying the location and types of LD strains on skin. There were 31 strains which by determinative features could be grouped as Corynebacterium xerosis-like species. Human skin appears to have an unrecognized diversity of lipophilic corynebacteria yet to be classified into species.
INTRODUCTION
Normal human skin contains a relatively stable microflora although the numbers of bacteria present on skin may vary considerably depending on the site sampled (Marples, 1965) . The predominant bacteria are the Gram-positive, coagulase-negative staphylococci or micrococci, aerobic diphtheroids and Corynebucterium acnes which is anaerobic and resides primarily in pilosebaceous units. There are also yeasts usually classified as Pityrosporum species (Pillsbury & Rebell, 1952) . A small percentage of people may be carriers of coliforms or bacteria of the tribe Mimeae (Taplin, Rebell & Zaias, 1963) .
Few studies have been conducted on the ecological associations among the autochthonous skin bacteria. Some resident skin bacteria may provide certain factors which act as defence against invasion by other non-cutaneous organisms (Marples, 1965) .
A large group of bacteria commonly isolated from normal skin are designated lipophilic diphtheroids @D) because they require certain lipids for growth in vitro (Pollock, Wainwright & Mansion, 1949) . This LD group has been relatively obscure taxonomically although some authors consider LD skin species identical to Corynebacterium xerosis (Pillsbury & Kligman, 1954) . Evans (1968) recently attempted to classify cutaneous aerobic diphtheroids. The LD groups was not specifically sought L ipoph ilic diphtheroids 435 Lipid growth requirements. The LD strains were separated from non-lipid-requiring strains by inoculating TS broth as a base medium and TS broth containing o*1y0 Tween 80. Isolates which grew in the latter medium only were considered LD strains. To confirm the lipid requirement, nutrient broth (Difco) was extracted twice with equal volumes of chloroform to remove lipids and dispensed in glassware washed with chloroform and methanol. Strains which grew in this broth only after the addition of 0.5% Tween 80 or ~o y g . sodium oleate/ml. were considered obligate LD strains.
Characterization tests. Tween 80 (0.05 %) was added to all media used in this group of tests. Growth studies. Forty-eight hr TS broth cultures were streaked on TS agar and incubated at 37 and 22", in candle jars (10% COJ and in Brewer jars for anaerobic growth. Phenethyl alcohol agar (PEA) (BBL) was incubated aerobically at 37". Filter sterilized sodium azide and potassium tellurite were added to TS broth. One loopful of each 48 hr culture was inoculated into each of two TS broths. One acted as a control and the other was heated in a 60" water bath for 30 min. The tubes were removed, rapidly cooled and incubated at 37". Nutrient broth was adjusted to pH 5.0, 6.0, 7.0 and 8-0 electrometrically to determine ability to initiate growth in these broths.
Biochemical tests. Action on egg yolk was tested by the method of Esselmann & Liu (1961) . Methyl red and Voges-Proskauer tests were determined with MR-VP broth (BBL). Nitrate reduction was determined with nitrate broth (BBL) and Bacto-Peptone broth (Difco) was used for indole production. Extracellular nuclease activity was measured by the methods of Smith & Bodily (1968). Phosphatase activity was measured by the method of Baird-Parker (1963). Kligler iron agar and S.I.M. (sulphide-indolemotility) agar (BBL) were used to detect hydrogen sulphide production. Haemolysis was observed on 5.0% (v/v) whole unwashed human blood agar. The remaining tests were conducted by the methods of Jayne-Williams & Skerman (1966). Reagents were prepared according to standard methods (Manual of Microbiological Methods, 1957). Cultures were observed and tested in media from I to 8 days except litmus milk, which was incubated for I 5 days.
Carbohydrate fermentations. Carbohydrates were incorporated into phenol red broth base (BBL) in final concentrations of 0.5%. Media were autoclaved at 10 lb/in., (I 15") for 10 min. and rapidly cooled to 25" in a water bath.
Esterase and Iipase activity. Substrates used in this section were obtained from the Nutritional Biochemical Corp., Cleveland, Ohio. Esterase action was determined using polyoxyethylene sorbitan derivatives of several fatty acids. Compounds were incorporated in TS agar without glucose containing 0.01 % CaCl,. Preliminary tests revealed that some Tween compounds were inhibitory to the LD strains at 1.0% concentrations. Growth was judged as retarded when poor growth or no growth occurred on agar with substrate concentrations from 0.1 to 1.0%. Inhibition was considered to have occurred when growth developed at lower but not higher substrate concentrations. Each Tween was tested to find the concentration permitting growth of all LD strains. Esterase action was noted by the formation of cloudy zones around and beneath the colonies resulting from calcium soap formation. Triacetin hydrolysis was measured by the method of Davis & Ewing (1964 KNO,, I g. (w/v); and Tween 80, 0~0 5 -0~1 o~~. All batches of media were adjusted to pH 7'2. Vitamins sterilized by filtration were added alone or in combination in final concentrations of 10-100 ,ug./ml. These included riboflavine, niacin, nicotinic acid, thiamine and sodium pantothenate. Sodium oleate (1-10 ,ug./ml.) was used as a substitute for Tween 80. In some experiments carbon assimilation was compared with 0*06~-glycerol, glucose and the sodium salts of acetate, citrate and lactate. Growth measurements were made in a Bausch and Lomb Spectronic-20 colorimeter.
Screening tests. A second series of LD strains was isolated from various cutaneous sites. Each strain was examined for its Tween 80 growth requirement, Tween 80 hydrolysis, growth on and hydrolysis of tributyrin and triolein, growth in 9.0 % NaCl broth, nitrate reduction and the fermentation of glucose, maltose, fructose, galactose, sucrose, lactose and salicin. The isolates were grouped on the basis of test results from the initial group of LD strains.
RESULTS

General characterization tests.
Sixteen of the reference bacteria were compared with 60 LD strains ( Table 2) . Listeria monocytogenes was the only species which was motile, produced haemolysis and hydrolysed aesculin. An opaque lecithinase type reaction was produced on egg yolk agar. Brevibacterium linens produced a distinct orange pigment on solid media and produced a lecithinase reaction on egg-yolk agar surrounded by an outer clear proteolytic zone. The three Corynebacterium xerosis strains produced a pale yellow to tan pigment; C. xerosis ATCC 373 formed rough dry colonies and the other two strains were smooth.
Morphologically, the 60 LD strains were non-acid fast, asporogenous and pleomorphic. Generally, there was a lack of metachromatic granules in the organisms but always a tendency to form palisades (PI. I, fig. 1-4 ). Strains varied from small coccobacilli to longer bacillary forms both straight and club-shaped. None of the LD strains produced pigments as did the Corynebacterium xerosis strains. Colonies were smooth, entire, raised and butyrous in consistency. There were no rough colony types formed. During the course of I yr. in which the isolates were maintained and repeatedly subcultured, only four (606%) of the strains lost their obligate in vitro requirement for oleate or Tween 80. The 60 strains were catalase positive and initiated growth in 10% CO, in air and at pH 6*0,7*0 or 8.0. The group was uniformly negative in the following characters : anaerobic growth, gas production from carbohydrate fermentation, motility, growth in 0.1 yo sodium azide and potassium tellurite, urease, gelatinase, haemolysis and action on egg yolk agar. There were no changes detected in litmus milk after 15 days incubation. Hydrogen sulphide and indole were not produced by any test organisms. None of the strains hydrolysed aesculin or fermented lactate, glycerol and mannitol. The LD strains were variable in the remaining tests. They were arranged into seven subgroups by their fermentation reactions. Groups I-VI were fermentative and group VII was non-fermentative. Group I differed from the other fermentative groups by fermenting lactose, trehalose and salicin, and produced an acid butt and slant on Kligler agar, as didListeria monocytogenes. The remaining LD Esterase and Zipase activity. The bacteria were compared with cutaneous isolates of Gram-positive cocci and Gram-variable coccobacilli of the Mima-like group (Table 3) .
None of the 149 cultures tested hydrolysed 0.1 yh Tween 65 or degraded squalene. The test for triacetin hydrolysis was unreliable because incubation of the medium beyond Nutritional studies. Brevibacterium linens and Corynebacterium bovis utilized ammonia as a sole nitrogen source ( Table 4) . The other corynebacteria, including C. xerosis, required amino acids. Microbacterium Zacticum did not grow without added vitamins.
Urea as sole nitrogen source was utilized only by the C. bovis strains. None of the bacilli tested including the LD strains utilized nitrate as sole nitrogen source. The majority of the LD strains required nitrogen as NH, in the form of casamino acids, others had an additional requirement for vitamins. The use of vitamins with NH,Cl did not replace casamino acids for those strains which required nitrogen as NH,.
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Group V had the largest number of ammonia-utilizing strains. The substitution of glucose in the basic medium by citrate, glycerol, lactate or acetate was not stimulatory to the majority of the strains. Only three LD strains were stimulated partially by acetate and glycerol.
Screening tests for distribution of LD strains on skin. A second series of I 15 strains was isolated from seven cutaneous sites to test the usefulness of the initial grouping scheme as a preliminary means of classifying these bacteria ( Table 5) . None of the isolates in this series fermented lactose or salicin, thus eliminating group I. All the strains grew in g % NaCl broth. There were 34 isolates mostly from the face, nose and toes which did not hydrolyse Tween 80, Thirty strains grew on tributyrin agar but only 12 hydrolysed the substrate. One or more isolates from the remaining six groups were recognized. The most commonly occurring type was groups IV (53% of total). The groin area yielded the largest number of this group consisting of strains fermenting glucose, sucrose and fructose but not maltose or galactose. One additional group was recognized (Na) as being identical to group IV but reducing nitrate. Nearly all of the strains in group N a were from the nasal area. Strains from the other groups did not reduce nitrate.
The strains in this series were examined for growth in media containing Tween 40, tripropionin, triolein, methyl oleate, methyl ricinolate and methyl palmitate. Tween 40 was split by all strains. Growth on tripropionin and methyl palmitate was poor or absent. Nine strains with apparent lipase activity from the face, scalp and nose were found. All acted on methyl ricinolate, three hydrolysed triolein and four split methyl oleate.
In the process of isolating LD strains 13 strains of contaminating Gram-positive cocci were found. This occurred because of their apparent requirement for Tween 80. This was shown by inoculating mannitol salt agar with and without Tween 80. Growth developed eugonically on the latter medium only and they were distinguished from the diphtheroids by Gram staining the cultures several times under different growth conditions.
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DISCUSSION
Determinative features of the reference group of bacteria were in general agreement with the recognized properties of these species (Bergey's Manual, 1957). These investigations also confirm the descriptions for Corynebacteriurn minutissimum and C. bovis as reported by Sarkany, Taplin & Blank (1962) and Jayne-Williams & Skerman (1966).
Diagnostically the LD strains fell into the family Corynebacteriaceae as they were Gram-positive, non-acid fast, non-motile, non-sporeforming, catalase-positive, aerobic, pleomorphic bacilli (Skerman, 1967). Human cutaneous diphtheroids have always been regarded as corynebacteria (Rosebury, 1962 ; Marples, 1965) and the data obtained in this study provide no evidence against this assumption. A precise distinction between the Brevibacterium and the Corynebacteriaceae does not exist but brevibacteria are not considered indigenous to man (Rosebury, 1962) and this group is usually not pleomorphic (Skerman, 1967). Harrington (1966) showed the similarity of nocardias, corynebacteria and mycobacteria. The familial status of human indigenous diphtheroids may be more difficult to resolve than recognition at the species or generic level. Pleomorphism offered little as an aid to species recognition or grouping of the LD strains.
The assumption that LD strains are identical with Corynebacterium xerosis is erroneous. Corynebacterium xerosis ferments glucose, maltose, fructose, galactose and sucrose and does not reduce nitrate or split urea (Bergey's Manual, 1957). These characters are used to separate C. xerosis from other closely related human species such as C. striaturn, which has the same characteristics but usually ferments other sugars (Winford & Haberman, 1966) . Corynebacterium xerosis has no other known distinguishing diagnostic features. The three reference cultures of C. xerosis reduced nitrate. Evans (1968) identSed as C. xerosis 23 non-lipophilic cutaneous diphtheroids which reduced nitrate, fermented glucose, sucrose and weakly fermented maltose. She identified as C. striaturn nitrate negative strains which fermented the three sugars, The C. striaturn strain tested here reduced nitrate but did not ferment maltose. Assuming that C. xerosis reduces nitrate and ferments glucose, fructose, maltose, galactose and sucrose then none of the 60 initial LD strains were identical to C. xerosis. If C. xerosis is considered variable in nitrate reduction and in the fermentation of one of the above sugars except glucose then 31 LD strains (groups 11 and III) from both series of 175 strains could be tentatively identified as C. xerosis. The 31 strains mentioned would be overlooked, however, or considered biochemically inert if cultivated in media without Tweens or other lipids. Obligate lipid requirements are the important difference between LD strains and C. xerosis. Apart from those strains which resemble C. xerosis, a far greater number exist as unrecognized, unnamed corynebacteria on human skin. Few studies have been attempted to describe them (McBride, Freeman & Knox, 1968) . None of the LD strains resembled C. tenuis, which has no lipid requirements (Crissey, Rebel1 & Laskas, 1952)~ nor are they closely related to C. bovis or C. pyogenes, which do require lipids (Roberts, 1968) .
The fermentation scheme used to group the LD strains was not intended as a classification but was a workable means to categorize the bacteria. Evans (1968) placed non-lipophilic cutaneous diphtheroids into seven groups by using nitrate and urease tests and the fermentation of glucose, sucrose and maltose. She found that most nitrate reducers, as in this study, were from the nasal area. Evans found another nitrate-positive 
